To analyze the cases of tuberculosis and the impact of direct follow-up on the assessment of treatment outcomes.
Tuberculosis (TB) is a major public health problem worldwide and requires control strategies that involve humanitarian, economic, and public health aspects. a A total of 22 countries account for 82.0% of the global TB burden, among which Brazil occupies a prominent position (17 th and 111 th place worldwide in relation to the absolute and relative number of cases, respectively). Therefore, the control of TB in Brazil is a priority for the World Health Organization (WHO). In 2012, 70,047 new cases were reported in the country, corresponding to an incidence of 36.1/100,000 inhabitants.
b In 2011, the mortality rate was 3.1 deaths/100,000 inhabitants. Brazil has adopted international goals to detect > 70.0% of the new TB cases and to cure at least 85.0% of the total INTRODUCTION cases detected. According to the Millennium goals, prevalence of and mortality due to TB are expected to decrease by 50.0% by 2015. Although the country exceeds the goal for detection, the same is not true for the cure, considering the high rates of treatment default (between 10.0% and 12.0%). a
Sistema de Informação de Agravos de Notificação
(SINAN -Notifiable Diseases Information System) is the main national instrument for collection and analysis of TB data.
c However, it has limitations that hamper the real understanding of the disease, such as underreporting, data incompleteness, and data inconsistencies related to outcomes of TB cases. 3, 9, 10, 13, 19 Following the prerogatives of the Brazilian Unified Health System (SUS), decentralization of the Atenção Primária à Saúde (APS -Primary Health Care) is a trend resulting from the Programa Nacional de Controle da Tuberculose (PNCT -National Tuberculosis Control Program), which began in 2004. APS acts as the main entry point of patients suspected and diagnosed with TB into the health care system. d This decentralization questions how well the organizational designs and organizational practices meet the needs of health care users and addresses the specificities of the territory and the access to health care services. 28 Estratégia de Saúde da Família (ESF -Family Health Strategy) has remarkably expanded in Brazil; however, its staff needs to be adequately trained in TB care because only 60.0% cases of active pulmonary disease are identified through APS. f This may jeopardize the strengthening of activities to control the disease, with a focus on directly supervised treatment, also known as Directly Observed Treatment -Short Course (DOTS).
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Despite its decreased rate, the incidence of TB in the municipality exceeded the state average. The incidence rate in Minas Gerais was 26.8/100,000 inhabitants in 2005, g while in Juiz de Fora, this figure was 46.5/100,000 inhabitants, corresponding to 1.7 times the state average. The city was included among those prioritized for TB control by the Ministério da Saúde (MS -Ministry of Health) because of the high prevalence of TB cases; i however, systematized data are scarce. Data on the TB status in Juiz de Fora are provided by the Municipal Secretariat of Health or found in scientific publications. 24, 25, 27 ,f,h Furthermore, issues related to TB control remain unresolved: Does the treatment default rate in Juiz de Fora exceed the rate recommended by MS? Is the actual treatment default rate higher than the one reported to SINAN by the municipality? Are epidemiological surveillance and APS effectively fulfilling their role in the detection and correct notification of treatment outcomes?
The objective of this study was to analyze cases of tuberculosis and the impact of the direct follow-up on the detection of treatment outcomes.
METHODS
This open prospective cohort study evaluated 504 cases reported in Juiz de Fora, MG, Southeastern Brazil, between 2008 and 2009. Juiz de Fora has a population of approximately 500,000 inhabitants; in addition, it has the second largest number of TB cases in the state and is considered to be a regional hub for disease treatment.
The incidence of treatment outcomes among directly followed up TB patients was compared with that among indirectly followed up patients using the records submitted to SINAN by the city's Department of Epidemiology. This complete record of cases confirmed during the study period was provided by the city and compared with data from the SINAN report.
j This report included data from 2008 and 2009, which was updated on July 8, 2010 and August 1, 2011, respectively. At this time, the notifications should have been completed and the cases closed.
Direct follow-up occurred in four reference health care centers in Juiz de Fora, where most treatments were performed: center 1 (inpatient and outpatient), center 2 (inpatient), and centers 3 and 4 (exclusively outpatient).
The study population consisted of prevalent and incident TB cases reported to SINAN by the city over two years, divided into two subgroups: patients directly followed up in the four reference centers until the end of the follow-up period, and patients assisted in any of the city's centers and indirectly followed up until the end of the follow-up period. Information from the records sent to SINAN by the Department of Epidemiology (DE) of the Municipal Secretariat of Health in Juiz de Fora (date of treatment initiation and outcome, among others) was used to characterize the indirectly followed up group. All patients whose initiation of treatment was recorded in SINAN were included, and no losses or exclusions occurred.
Two structured instruments were used for data collection along with each patient's general registration form: a questionnaire with sociodemographic, clinical, and epidemiological data, which was used to interview patients undergoing treatment in the four centers where direct follow-up occurred and a structured general form to collect data on patient monthly follow-up (treatment outcomes), medical records, and additional data from the SINAN database (race, HIV test results, and others). The variables were classified into two groups: 1) sociodemographic: gender, age range, race, education, monthly household income, city of residence; 2) clinical and epidemiological: means of entering the health care system (new case or otherwise), clinical presentation, type of presumptive diagnosis, type of follow-up (direct or indirect), serological HIV diagnosis, DOTS recommendation, alcohol consumption in the last year, history of smoking, and drug use in general.
Data on DOTS and race for both groups were obtained from DE and SINAN records.
Data on education level, age, place of residence, HIV diagnosis, and gender were obtained from DE and SINAN records for the indirectly followed up group and by interviews or direct observation of medical records for the directly followed up patients in the specific case of HIV diagnosis. The health care service required proof of residence for both groups.
The directly followed up patients were systematically interviewed to obtain data on their history of smoking, alcohol consumption, and drug use. For the other patients, this information was not systematically collected by the health care services; therefore, it was used for describing the directly followed up patients but not in the comparison between the two groups.
The structured questionnaire and categories used were the same for both groups.
Data related to outcome of treatment for the directly followed up patients were obtained during the patients' monthly return visit to the health care unit and from the data recorded by DE for the indirectly followed up patients. The definition of outcome of treatment was the same for both groups and followed the MS guidelines: a treatment default (patient was absent from medical appointment on the scheduled return date and confirmed interruption of drug therapy for at least 30 consecutive days or the patient refused to initiate treatment); cure (patient exhibited at least two negative smears during treatment, one in the follow-up phase and another at the end of treatment); transfer (patient was transferred to another health care service); death (death caused by tuberculosis after the initiation of treatment); and failure (persistent positive sputum at the end of treatment or continued positive sputum four months after the initiation of treatment).
The CAGE questionnaire (Cut down, Annoyed, Guilty, Eye-opener) was applied to assess alcohol use, which was classified as moderate (0-2) or excessive (3-4).
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The tools to evaluate drug use were previously tested for validity and reliability in two other studies: Pessoas and ATAR.
8,k
Data on other sociodemographic and clinical/epidemiological variables as well as on the outcomes of treatment for the indirectly followed up TB patients reported by the city during the study period were obtained from SINAN.
The characteristics of the directly followed up patients were compared with those of the indirectly followed up patients with regard to gender, education, race, age, serological diagnosis of HIV, and city of residence. The Chi-square test was used to compare percentages. A significance level of 0.05 was considered. Missing data were not considered in the Chi-square test for these comparisons, in accordance with previous studies. 24,l Descriptive statistical analyses of the clinical and epidemiological characteristics of the directly followed up population were conducted.
The incidence of the various outcomes of treatment for the directly followed up TB patients was compared with that of the indirectly followed up patients in the same period. The Chi-square test was used to compare percentages considering a significance level of 0.05. The relative risk (RR) was used to evaluate the incidence of each type of treatment outcome between the two subgroups. Data were analyzed using EpiInfo software. 
RESULTS
Four reference centers treated 75.0% of the reported cases; 23.8% of these cases corresponded to patients who were not directly followed up because they were children aged < 2 years (n = 9) or because they continued treatment in other health care units in the city (n = 81); therefore, their outcomes were indirectly followed up (Figure) .
No significant differences were observed between the patients directly and indirectly monitored with regard to gender (p = 0.41), age (p = 0.75), race (p = 0.13), educational level (p = 0.47), HIV diagnosis (p = 0.11), and municipality of residence (p = 0.47). Among the 504 patients, 87.8% confirmed their residence in Juiz de Fora. Among the cases reported to SINAN, at least 13.8% (504) of the TB patients were coinfected with HIV (Table 1 ).
Among the directly followed up patients, 80.5% were new cases, 17.4% were relapsed or returned after defaulting on treatment, and 2.1% did not provide information regarding admission (Table 2 ).
Excessive and moderate alcohol consumption was reported for 25.1% and 22.0% of users, respectively; 29.6% never drank or did not drink in the previous year, and no information was available for 23.3%. With regard to use of illegal drugs, 49.5% never used drugs, 16.0% were current users, 8.0% were former users, 4.9% had only experimented with drugs, and 21.6% did not provide information on consumption (Table 2 ).
In the outcomes of the prevalent cases, the incidence of treatment default and failure in the directly monitored subgroup was higher (p < 0.05, RR = 5.72, 95%CI 2.65;12.34) than that in the indirectly followed up subgroup (RR = 8.31, 95%CI 1.08;63.92). During the study period, the incidence of treatment default was 11.9% considering the 504 reported cases (53 among the directly followed-up patients and seven among the indirectly followed up patients), 16 of which were correctly reported to SINAN, and 44 were detected either by direct follow-up, were not acknowledged, or were placed under another classification in that system ( Table 3 ). The 16 treatment defaults that were correctly notified represented 26.7% of the total number that would be evaluated (60) if the remaining 44 cases had been included.
The incidence of treatment default in the directly followed-up population remained higher (p < 0.01, RR = 8.22, 95%CI 2.99;22.58) for the outcomes of the new cases (Table 4) . 
DISCUSSION
The results indicate at least two situations which are a cause for concern for TB control in a priority city: the neglect of data related to treatment default and failure reported to SINAN by the city, and the high percentage of TB treatment in secondary and tertiary care centers.
The main explanation for the differences in the incidence of treatment outcomes (treatment default and failure) in both subpopulations lies in the way of following up outcomes (detection method), considering that the two subpopulations were similar in many aspects. Direct follow-ups led to more careful assessment of outcomes, a hypothesis corroborated by the lower incidence of incomplete data found in this subgroup. On the other hand, the data on treatment outcomes obtained for the indirectly followed up patients, because of the increased probability of error in the municipal data surveillance services, may be biased owing to data misclassification, or omission in the registration of certain events, including treatment default. Therefore, RR should be interpreted as a ratio of the incidence of treatment outcomes detected by either follow-up method.
Quality failures in the TB information system were observed in other studies that indicated underreporting of deaths involving TB and TB cases 6, 15, 20 as well as incomplete data. 9, 13, 15, 19 A major limitation for the treatment and cure of TB is treatment default, which results in increased cost of treatment, increased rates of mortality and disease recurrence, and promotes the selection of resistant Continue bacilli. 16, 22 Considering the treatment default rate reported to SINAN by the city (3.2%), Juiz de Fora meets WHO recommended rate of ≤ 5.0%.
a However, if we consider the cases of treatment default in the directly followed up subgroup, the more realistic incidence rate increases to 11.9%, exceeding WHO's recommendation. This rate, which is similar to the national average, 1,a was neglected when considering the data reported to SINAN by the city of Juiz de Fora.
A cure should be attempted for 85.0% of the new TB cases in accordance with WHO international goals, which were adopted by the Brazilian government. a Juiz de Fora has reached this goal considering the total number of reported cases and for the indirectly monitored subgroup with new TB cases treated in the period. On the other hand, this goal was below that of the directly followed up subgroup.
Previous studies 2, 15, 20, 22 have shown deficiencies in the quality of the information system, and consequently, in the data. Underreporting/incompleteness of data on TB cases and treatment outcomes sent to SINAN limits the understanding of the real epidemiological status of TB and undermines the planning and assessment of programs targeted at controlling this disease.
3,12
Considering the significant rate of treatment default that was neglected in the data sent to SINAN in this study, some practical questions should be raised: What happened to the neglected patients who defaulted on their treatment? Who are they? What were their clinical outcomes? Were they reincorporated into the health care system or remained neglected? Failure in the flow of information was also observed. Among the directly monitored patients, there was at least one patient who defaulted on treatment several times and subsequently died. However, this patient was registered as cured in the SINAN database. This and similar cases underscore the need to compare the incidence of directly detected treatment outcomes with those detected passively.
PNCT advocates the decentralization of APS activities, which should occur along with the strengthening of basic health units to achieve a level of quality compatible with TB program requirements. This would facilitate user access to treatment and would promote higher rates of adherence and cure.
e The concentration of treatments in four secondary and tertiary care units showed that health care decentralization was not a widespread reality in Juiz de Fora in the study period. This disease requires municipalities to consider the external factors (social, environmental) that are outside the scope of populations of black and mixed ethnicity, restricts the individual and social freedoms of these subjects and leads to deficiencies, stress, and poor health conditions in their surroundings.
The patients' low educational level reflects a set of precarious socioeconomic determinants that can increase vulnerability to TB and account for the increased incidence of TB and increased treatment default rate. 11, 17, 18 Despite the high rate of readmission and relapse after treatment default in the directly monitored population (17.4%), a small percentage (6.7%) made use of the reinforced scheme I. This may have therapeutic implications, such as the selection of antibiotic-resistant bacilli. This was the suitable scheme for patients undergoing retreatment, i.e., who had the APS but can impact treatment outcomes. The rates of drug, alcohol, and cigarette use were high among the directly followed up patients and could partially explain the high rates of treatment default. Alcoholism and smoking may worsen the clinical presentation of TB and jeopardize its treatment regimen. 3, 17 The highest incidence of TB occurred among men, as observed in other studies. 1, 29 The difference in the incidence of TB between genders can be caused by economic, cultural, and social factors related to exposure. There was a higher frequency of TB cases among patients of black and mixed race. With regard to the white population, a previous study found that the risk of death from tuberculosis was 1.9 times greater for individuals of mixed race and 2.5 times greater for black individuals.
m Low individual and household per capita income level, specifically for At least 52.3% of the patients received DOTS during the study period. However, this term may be overused and refer to any patient who has been hospitalized or directly followed up regardless of the follow-up period.
HIV-TB comorbidity constitutes a risk factor for treatment default of TB and HIV treatment. 17, 21, 26, 29 Drug interactions and adverse reactions in HIV-positive patients are more significant compared with the HIV-negative population. HIV infection predisposes individuals to a higher incidence of adverse effects, which leads to increased prioritization of treatments for AIDS in detriment of TB. 21 Therefore, MS has stated that HIV testing is mandatory in cases of TB and vice versa. However, a high percentage (24.6%) of patients with TB in the present study did not undergo serological testing for HIV. The rate of HIV testing among TB patients positive for HIV reported by the city (13.9%) was similar to the average for Brazil in 2010.
o However, this co-infection rate highlights the need for increased efforts to prevent its occurrence because it involves a "deadly combination". p Some patients assisted in the four main reference centers could not be directly followed up owing to the difficulty in the obtaining of parental consent because they were aged < 12 years. Others were not directly followed up because they continued treatment in other health care centers in the city. However, these patients were included in the indirectly followed up patient subgroup. Data surveillance is an important responsibility of public health care services for the control of infectious diseases. However, the TB program has passively worked in various municipalities in Brazil. Accordingly, Belo Horizonte, another priority city in Minas Gerais, exhibited aspects of fragility in its TB surveillance program, such as inadequate active search for patients with respiratory symptoms, predominance of case notifications in reference centers, and incipient decentralization of TB control activities through the APS. 7, 18, 23 Moreover, other studies have observed low rates of serological HIV testing and low sensitivity in detecting treatment outcomes resulting from multidrug resistance failure. 4, 14, 23 These results corroborate the situation found in the present study, which should not be regarded as an isolated case because it has been repeated in several priority municipalities. This limitation demands a more systematic assessment on the part of the PNCT managers.
Some recommendations to health authorities involved in TB control at various levels of the Federation should be emphasized: (i) strengthening of the decentralization of TB control activities to health care units (ESF and basic health care units) with the aim to improve the effective use of DOTS, search for contacts, early detection of the disease, and the opportunities for treatment; (ii) establishment of a search routine in other information systems (Mortality Data System and TB Laboratory Data System) to improve the quality of data on the outcomes of TB cases; and (iii) evaluation of the TB surveillance system in the city and other priority cities in order to define guidelines and priorities to improve the indicators for cure, treatment default, and incidence of the disease.
